Calculation Constants

Mol Wt

Pollutant Ib/lbmol
‘NQ2 46
Cco 28
VOC (as CH4) 16
sQ2 64
s 32
Fuel Natural Gas

Fuel S Content

100 lb-mot 8
1000000 Ib-mol CH4

Nat Gas Heat Content (LHV)
Nat Gas Heat Content (HHV)

Exhaust Molar Density =
Base Temperature =
Standard Temperature =

Standard Pressure =

Heat Rate and Exhaust Flow Adjustment Factor =

Site Elevation
Site Ambient Pressure

Emission Rate Contingency

TAT Refinery
Calculation Constants

400 ppmvd

bS8 1 Ib-mol CH4
lb-mol 8§ 359 scf

. 915.0- BTU/scf
'1050.0 BTU/scf

. 359 scffib-mol
32 degF

AT psi

| 2080 feet
13.59 psi

10%

appendix-c1.xls, Constants, 9/24/2004, G. Frisbie
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TAT Refinery
Modeling Exhaust Data Summary

Model Input Data - English Units

Exhaust Exhaust - Exit Exit
Flow Temp Diam Helght

Source ID Engine Load (acfm) F) {ft) {ft)
00001 Crude Heater 100%  11.664 410 10 100
00002 Reformer Heat 100% 1,000 410 3 100
00003 Reformer Heat 100% 1,000 410 2 100
00004 Reformer Heat 100% 2,666 410 3 100
00005 Reformer Heat 100% 2,600 410 3 100
00006 Reformer Heat 100% 500 410 3 100
00007 Hydrocracker 1 100% 2,000 410 3 100
00008 Hydrocracker & 100% 2,333 410 3 100
00009 Hydrocracker % 100% 3,333 410 3 100
00010 Hydrocracker < 100% 2,333 410 3 100
Q0011 Olefin 100% 9,698 410 3 100
00012 Hydrogen 100% 16,663 410 3 100
00013 Boiler 1 100% 6,665 410 3 100
Q0014 Boiler 2 100% 6,665 410 3 100
00015 Boiler 3 100% 6,665 410 3 100
00016 Flare 100% 2418 1,832 3 180
00017 S Recovery Ta 0% 407 100 10 120

Model input Data - Metric Units

Exit Exit Exit Exit

Height  Temp Vel Diam

Engine Load {m) (K) (m/s) {m)
00001 Crude Heater 100% 30.48 483.0 0.75 3.048
‘00002 Reformer Heat 100% 30.48 483.0 0.72 0.914
00003 Reformer Heat 100% 30.48 483.0 0.72 0.914
00004 Reformer Heat 100% 30.48 483.0 1.62 0.914
00005 Reformer Heat 100% 30.48 483.0 1.44 0.914
00006 Reformer Heat 100% 30.48 483.0 0.36 0.914
00007 Hydrocracker 1 100% 30.48 483.0 1.44 0.914
00008 Hydrocracker Z 100% 30.48 483.0 1.68 0.914
00009 Hydrocracker 2 100% 30.48 483.0 2.40 0.814
00010 Hydrocracker ¢ 100% 30.48 483.0 1.68 0.914
Q0011 Olefin 100% 30.48 483.0 7.19 0.914
00012 Hydrogen 100% 30.48 483.0 11.88 0.914
00013 Boiler 1 100% 30.48 483.0 4.79 0.914
00014 Boiler 2 100% 30.48 483.0 4,79 0.914
00015 Boiler 3 100% 30.48 483.0 4,79 0.814
00018 Flare 100% 54 .86 1273.0 40.30 0.835

appendix-c1.Xls, Exhaust Data, 924/2004, G. Frisbie



TAT Refinery

Example Calculation

Sample Exhaust Flow and NOx Mass Emission Rate Calculation

Boiler
Crude Heater

Exhaust Flow

Exhaust Mol Weight Wet
Exhaust Mol Weight Dry
Exhaust H20

Exhaust 02 Wet

Ehaust O2 Dry

Ideal Gas Density

NOx Mol Weight
Exhaust Temp

Base Temperature
Standard Temperature
Ambient Pressure
Standard Pressure

Exhaust Flow
28,218 b *.
4 hr
1,019 ibmol wet
nr
365,822 sef * (
hr {
699,842 acf
he

Mass Emission Calculation
Rermove H20 from Exhaust

H20 Volume

Correct 10 5% 02

NOx Emissions =

10% Contingency

28,218 ibihr Engineering Data
27.69 Ib/lbmo!  Engineering Data
29.86 Ib/ibmol  Engineering Data

appendix-c1.xis, Sample-Boiler-NOx, 9/24/2004, G. Frisbie

18.30% Engineering Data
2.45% Engineering Data
3.00% Enginsering Data
359 scffibmal
48 Ib/lbmol
410 deg F
460 deg F
32 degF
13.59 psi
14.70 psi
1 lbmol = 1,019 Ibmol wet
27689 b hr
* 359 sof = 365,822 scf
{bmol hr
460 + 410y * 14,70 = 699,842 acf
480 + 32) 13.59 hr
. 1 hr = 11,864 acf
60 min min
1,019 Ibmol*  18.30% = 186 lomol H20
hr
1,018 lbrmol - 186 = a33 {bmoi exhaust dry
. fir
21.00% - 3.00% = 18.00%
21.00% - 5.00% = 16.00%
833 * 18.00% = 837 tbmol exhaust dry corrected to 15% 02
18.00% hr
20 ppmvd @ 15% 02
937 v 20 = 0.02 Ibmol NOx
1.00E+08 hr ‘
0.02 lbmol NOx * 48 I = 0.9 “lb NOx
1 hr 1 ibmol hr
0% * + 0.10 ) = 0.9 ib NOx
hr



TAT Refinery

Example Calculation

Sample Exhaust Flow and GO Mass Emission Rate Calculation

Boiier
Crude Heater

Exhaust Flow

Exhaust Mol Weight Wet
Exhaust Mol Weight Dry
Exhaust H20

Exhaust 02 Wet

Ehaust 02 Dry

Ideal Gas Density

CO Mol Welght

Exhaust Temp

Base Temperature
Standard Temperature
Ambient Pressure
Standard Pressure

Exhaust Flow

28,216 b *
1 hr

1,019 lbmol wet
hr

365,822 sct * {
hr {

699,842 acf
hr

Mass Emission Calcuiation
Remove H20 from Exhaust

H20 Volume

Correct to 5% 02

COQ Emissions =

10% Contingency

appendix-c1.xls, Sampie-Boiler-CO, 9/24/2004, G. Frisbie

28,216 Ib/hr Engineering Data
27.69 b/ibmol  Engineering Data
29.86 Ib/bmol  Engineering Data
18.30% Engineering Data
2.45% Engineering Data
3.00% Engineering Data
359 scfiibmol
28 lbflbmol
410 deg F
480 deg F
32 cdegF
13.59 psi
14,70 psi
1 Ibmot = 1,019 ibmal wet
2769 b hr
. 359 sef = 365,822 scf
Ibmol hr
460 + 410) 14.70 = 689,842 acf
. 460 + 3z) 13.59 hr
* 1 hr = 11,664 acf
60 min min
1,019 lbmol * 18.30% = 186 Ibmol H20
hr
1,019 Ibmol - 186 = B33 lbrnol exhaust dry
hr
21.00% - 3.00% = 18.00%
21.00% - 5.00% = 16.00%
833 * 18.00% ) = 937 Ibmeol exhaust dry corrected to 15% 02
16.00% hr
50 ppmvd @ 15% 02
937 * 50 = 0.05 Ibmecl CO
1.00E+06 hr
0.05 lbmol CO * 28 b = 1.3 Ib CO
1 hr 1 Ibmoi hr
1.3 * + 0.10 ) = 1.4 b CO
hr



Sampie Exhaust Flow and VOC Mass Emission Rate Calculation

Boiler
Crude Heater

Exhaust Flow

Exbaust Mol Weight Wet
Exhaust Mol Weight Dry
Exhaust H20

Exhaust 02 Wet |
Ehaust Q2 Dry

Ideal Gas Density

VOC Mol Weight
Exhaust Temp

Base Temperature
Standard Temperature
Arnbient Pressure
Standard Pressure

Exhaust Flow

28,216 [T
1 hr

1,019 ibmol wet
hr

365,822 scf * (
hr {

689,842 acf
hr

Mass Emission Calculation
Remove H20 from Exhaust

H20 Voiume

Correct to 15% O2

VOC Emissions =

10% Contingency

TAT Refinery
Example Calculation

410) °

50 ppmvd @ 15% 02

2,498 " 50

1.00E+06

0.12 Ibrmol VOC *

1 hr

20 "

appendix-c1.xls, Sample-Boiler-VOG, 9/24/2004, G. Frisbie

Engineering Data

1,019 Ibmol wet

28,216 Ibshr
27.69 Ib/bmol  Engineering Data
29.86 Ibllbmol  Engineering Data
18.30% Engineering Data
2.45% Engineering Data
3.00% Engineering Data
359 scflbmol
16 Ib/lbmol
410 deg £
460 deg F
32 deg F
13.59 psi
14.70 psi
1 Ibmol =
2769 b
v 358 scf =
Ibmel
460 +
460 + 3z
* 1 hr
80 min
1,019 bmol*  18.30%
1,019 Ibmol - 186
21.00% - 3.00%
21.00% - 15.00%
833 * 18.00%
6.00%

365,822 scf
hr
14.70 = 699,842 acf
13.59 hr
= 11,664 acf
min
= 186 thmot H20
hr
= 833 |bmol exhaust dry
hr
= 18.00%
= 6.00%
= 2,498  |bmol exhaust dry corrected 16 15% 02
hr
= 012  1bmel VOC
hr
16 b = 2.0 Ib VOO
1 ibmot hr
+ 8.10 } = 2.2 bVOC
hr



TAT Refinery
Example Calcutation

Sample Exhaust Flow and S02 Mass Emisslon Rate Calculation

Boiler
Crude Heater

Exhaust Flow

Exhaust Mol Weight Wet
Exhaust Mol Weight Dry
Exhaust H20

Exhaust 02 Wet
Ehaust 02 Dry

Ideal Gas Density

S02 Mol Weight
Exhaust Temp

Base Temperature
Standard Temperature
Ambient Pressure
Standard Pressure

Exhaust Flow

28,216 b *
1 hr

1,019 Ibmol wet
hr

365,822 sof * (
hr (

899,842 acf
hr

Mass Emission Calculation
Remove H20 from Exhaust

H20 Volume

Correct to 5% 02

502 Emissions =

10% Contingency

appendix-c1.x13, Sample-Boiler-S02-1, 9/24/2004, G. Frisbie

28,216 Ib/hr Engineering Data
27.69 Ibbmol  Engineering Data
29.86 Ib/lbmol  Engineering Data
18.30% Engingering Data
2.45% Engineering Data
3.00% Engineering Data
359 scifibmol
84 Ib/lbmol
410 deg F
460 deg F
32 degF
13.59 psi
14.70 psi
1 lbmol = 1,018 Ibmol wet
27688 b hr
* 359 scf = 365,822 scf
fbmol hr
460 + 410) * - 14.70 = 699,842 acf
460 * 32) 13.59 hr
* 1 hr = 11,664 acf
&0 min mirt
1,019 lbmel * 18.30% = 186 Ibmol H20
hr
1,019 lbmol - 186 = 833 Ibmol exhaust dry
hr
21.00% - 3.00% = 18.00%
21.00% - 5.00% = 16.00%
833 * 18.00% ) = 937 Ibmol exhaust dry corrected to 15% 02
16.00% hr
5 ppmvd @ 15% 02
937 * 5 = 0.005 Iibmol SO2
1.00E+06 hr
0.005  Ibmol SO2 * 64 b = 0.3 1o S02
1 hr 1 lbmol hr
03 * { + 010 ) = 0.3 1 S02

hr



Sample SO2 Calculation

Boiler
Crude Heater

Fuel Heat Content (LHV) =
Heat Input =

Ideal Gas Density

S Mal Weight

§02 Mol Weight

Fuel S Concentration
Calculate Fuel Flow

35,000,000 BTU
hr

Calculate Sulfur Emissions

100 ib-mol §
1000000  Ib-mol CH4

891E-06 1b 8
scf

0.3410 ib S
hr

TAT Refinery

Example Calculation

915.0 BTU/scf
35 MMBTU/hr
359 scibmot

321b
64 b
100 ppmvd
* 1 scf
916 BTU
* 32 b S
Ib-mol §
* 38,251 scf
hr
* 64 |bS0O2
32 1bs

appendix-c1.xls, Sample-Boiler-S02-2, 9/24/2004, G. Frisbie

H

38,251 scf
s
1 Ib-mol CHe«
359  scf
0.341 ibS
hr
0.68 IbSC2
hr
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Tail Gas Exhaust Calculations

Species
Ar

co

co2

H2

H20

N2

02

802

Total Wet
Total Dry

Mol Density

Flow Rate

Stack Temp

Base Temperature =
Standard Temperature =
Standard Pressure =
gite Elevation

Site Ambient Pressure

Flow Rate

MHA Refinery

359 scf/1b-mol

Exhaust Molecular  Emission

Flow Weight Rate

{1b-mol/hr) (1b/lb-mol} (1lb/hr)
0.40 39.948 15.98
0.17 28.010 4.76
5.87 44,0089 434.37
0.17 2.01e 0.34
11.08 18.01% 199.61
31.87 -28.014 892.81
1.5% 31.985%8 50.88
0.11 64.063 7.05
55.26 lb-mol/hr
44 .18 1b-mol/hr

19,838 scf/hr
331 scfm

100 F

460 deg R

32 deg F
14.7 psi
2080 feet
13.59 psi

407 acfm

appendix-c2.xls, Sheet1, 9/24/2004, G. Frisbie



MHA Refinery

Soybean Processing Emission Factors

PM10

Emission

Factor
Process 1b/ton
Truck Unloading 0.059
Meal Handling 0.034
Meal Loadout 0.029

. Emission factors from AP-42
Table 9.3.1-1. Particulate Emission Factors For Grain Elevators

appendix-c3.xis, Emission Factors, 9/24/2004, G. Frisbie



aIgslid "D ‘PO0T/PZ/6 ‘SUOISSILT Wd ‘SIx ga-xipuadde

0cg°o0 LY 9 1" #62 0L 9
w s/m b w
werq A1T0018A dwal, JybTaH
Hoelg Jo'1S 3oeag ¥oeas
/33 zZ 12
wmise Q00T MOT 3ASNeUXE YOels
31 . WweTq {orls
A OL dua], Isneyxy yoelsg
13 02 ’ JubTay Yoels

(sxyowas TI®) ®Ied ¥OPIs

Zs g ¥e°'T 26°8 Te3oL

(44 £850°0 [y 9¥ " G %0 Z20°¢ 9% 0 b6 ST MOPROT TeSK

1z €890°0 Le'c S0 %0 Le' ¢ ¥S°0 e ST butTpuey T1esi

oc 98TT1°0 [/ Ve 0O %0 (AN 4 ¥6°0 ¥6° ST butprotun yvnig
dIr aoInosg s/ub  a1d/uo3 I/qT 1A juoy ag/qr Iy /uol
peIIoIjucl foIjuc) peTIoajucouUf ¥3ey 8882014

Iy/uol $6°GT
Aep/q1  000's9L sueag Ko

sajey uorssTmg Bursssdoxg uesg Log

Asuyay vHIN



Table 9.9.1-1. PARTICULATE EMISSION FACTORS FOR GRAIN ELEVATORSa
Emission Source

Grain receiving (SCC 3-02-005-05)

Straight truck (SCC 3-02-005-51)

Hopper truck (SCC 3-02-005-52)

Railcar (SCC 3-02-005-53)

Barge (SCC 3-02-005-54)

Continuous barge unloader (SCC 3-02-005-56)
Marine leg (SCC 3-02-005-57)

Ships (SCC 3-02-005-55)

Grain cleaning (SCC 3-02-005-03)

Internal vibrating (SCC 3-02-005-37}

Grain drying (SCC 3-02-005-04)

Column dryer (SCC 3-02-005-27)

Rack dryer (SCC 3-02-005-28)

Self-cleaning screens (<50 mash)

Headhouse and grain handiing (SCC 3-02-005-30) {legs, conveyors, belts, distributor, scale enclosed cleaners, et
Storage bin {vent) (8CC 3-02-005-40)

Grain shipping (SCC 3-02-005-08)

Truck (unspecified) (SCC 3-02-005-60)

Railcar (SCC 3-02-005-63)

Barge (SCC 3-02-005-64)

Ship (8CC 3-02-005-65*)

a Specific sources of emission factors are cited in Reference 1, Table 4-16 and supporting tables, except as indica
Factors are in units of Ib/ton of grain handled or processed. Lb/ton divided by 2 gives kg/Mg. SCC = Source Classi
data available. Example uses of emission factors in this table are provided in Section 9.9.1.3.

b Weight of total filterable PM, regardless of size, per unit weight of grain throughput.

¢ Weight of PM # 10 micrometers (um) in agrodynamic diameter per unit weight of grain throughput.

d Weight of PM # 2.5um in aerodynamic diameter per unit weight of grain throughput.

& Mean of two values from References 18 and 19.

f Reference 19.

g Emission factor for PM-10 scaled to PM-2.5 using the mean ratio of 17 percent from Reference 40.

h PM-10 emission factor scaled to total particulate using the ratio of 25 percent presented in Reference 1.

j Reference 40,

k Unloading a vessel with a marine leg is analogous to use of a marine leg in barge unloading.

m Mean of six A- and C-rated data points from References 20, 21, 22, 23, and 24.

n PM-10 emission factor estimated by taking 25 percent of the filterable PM emission factor.

p Mean of two D-rated data points from Reference 2.

q Based on average of wheat and sorghum PM emission factors reported in Reference 42. PM emission factors bz
aspirated capture/collection system. Due to natural removal processes, uncontrolled emissions may be overestima
emissions that occur without such a system.



Type of Conirol FILTERABLE PM FOOTNOTE RATING PM-10c FOOTNOTE RATING PM-2.5d

None
None
None

None
None
None

Cyclone

None
None

None
None

None
None
None
None

ited in the following footnotes.
fication Code. ND = no

ased on data at the inlet of an
ited compared to those

018 e
0035 e
0.032 f

0.028 h
0.15 h
015k

0.075 m

022 p
3p
047 p
0.061 f
0.025 q

0.086 e
0.027 f
0.016 h
0.048 h

m mmm

mmmmm

mimmm

0.059 f
0.0078 f
0.0078 f

0.0073 |
0.038 |
0.038 k

0.019 n

0.055 n
0.75n
012 n

0.034

0.0063 n,gq

0.029 f
0.0022 f
0.004 |

- 0.012 ]

E
E
E

m mmm

mmmmm

mmmim

0.01
0.0013
0.0013

0.0019
0.005
0.005

0.0032

0.0094
0.13
0.02

0.0058

0.0011

0.0049
0.00037
0.00055

0.0022
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NOx
Instant 2.4833
3-Hour 0.8278
Daily 0.1035
Annual 0.1417
uval (ton/ 4.9229
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.0076
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